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(54) MOLDED FLUORORESIN OBJECT HAVING 
MODIFIED SURFACE LAYER, SURFACE 
TREATMENT OF FLUORORESIN AND 
APPARATUS THEREFOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a molded object 
having an improved water-repellency by increasing the 
fluorine atom content of a surface layer to a higher 
level than that of the inside and forming a roughened 
surface having a specific center line average height and 
a specific number of needle-like micro peakings per a 
unit surface area. 

SOLUTION: A roughened surface having a center line 



average height, Ra, of 0.2-3 urn and 
2.6x1013-1 .8x1 01 0/m2 needle-like micro peakings per a 
unit surface area is formed. Preferably, a fluororesin 
comprises a fluorocarbon resin or a fluorosilicone resin 
and the surface layer contains not less than 4%, further 
preferably 5-50%, of all the surface layer, of CF3 group 
of SiF3 group. The length of needle-like micro peakings 
is 0.3-1.5 |^m and the average distance between two 
neighboring micro peakings is 0.3-11.3 ^m. This surface 
is obtained by introducing high-energy ions having an 
accelerating voltage of not less than 2 kV and not more 
than 50 kV to a fluororesin surface to modify the surface. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fluororesin Plastic solid characterized by having the detailed projection of the 
shape of 2.6x1013 two to 1.8x1010 [/m ] per unit area/Mt. Tsurugi of m2 at said concave convex 
while center line average-of-roughness-height Ra which the content of the fluorine atom of a 
surface layer makes exist by ion-implantation processing more mostly than a inner layer, and 
displays field granularity has the concave convex which is 0.2-3 micrometers. 
[Claim 2] The fluororesin Plastic solid according to claim 1 characterized by the mean distance 
which a detailed projection adjoins being 0.3-11.3 micrometers. 

[Claim 3] Claim 1 to which three CF or three SiF(s) are characterized by the 5 - 50% of the 
whole surface existing when a fluororesin consists of fluorocarbon resin or fluoro silicone resin, 
or a fluororesin Plastic solid given in two. 

[Claim 4] A fluororesin has -CF2- in a principal chain, and has -SiF2- in the fluorocarbon resin 
with which an end group consists of -CF3, or a principal chain, and an end group - They are 
claim 1 characterized by consisting of the fluoro silicone resin which consists of SiF3, hydro 
fluorocarbon resin which permuted some fluorine atoms of these fluorocarbon resin and fluoro 
silicone resin by the hydrogen atom further, or hydro fluoro silicone resin thru/or the fluororesin 
Plastic solid of any one publication of three. 

[Claim 5] Fluorocarbon resin is a fluororesin Plastic solid according to claim 4 characterized by 
consisting of any one sort of PTFE (polytetrafluoroethylene), PFA (tetrafluoroethylene 
perfluoroalkyl vinyl ether copolymer), FEP (tetrafluoroethylene hexafluoropropylene copolymer), 
or the ETFE (tetrafluoroethylene copolymer). 

[Claim 6] The surface treatment approach of the fluororesin characterized by injecting the ion of 
high energy 50kV or less into a fluororesin front face with the acceleration voltage of 2kV or 
more, and reforming a front face. 

[Claim 7] A fluororesin has -CF2- in a principal chain, and has -SiF2- in the fluorocarbon resin 
with which _an end group consists of -CF3, or a principal chain, and an end group - It is the 
surface treatment approach of the fluororesin according to claim 6 characterized by consisting 
of the fluoro silicone resin which consists of SiF3, hydro fluorocarbon resin which permuted 
some fluorine atoms of these fluorocarbon resin and fluoro silicone resin by the hydrogen atom 
further, or hydro fluoro silicone resin. 

[Claim 8] Fluorocarbon resin is the surface treatment approach of a fluororesin claim 6 
characterized by consisting of any one sort of PTFE (polytetrafluoroethylene), PFA 
(tetrafluoroethylene perfluoroalkyl vinyl ether copolymer), FEP (tetrafluoroethylene 
hexafluoropropylene copolymer), or the ETFE (tetrafluoroethylene copolymer), or given in seven. 
[Claim 9] It is the surface treatment approach of claim 6 which the ion to pour in is Ar, Ne, 
helium, F, or N, and is characterized by the injection rate being the range per [ 1x1013 ] unit area 
- of 1x1016 ions/cm2 thru/or the fluororesin any one publication of eight. 
[Claim 10] It is the surface treatment approach of the fluororesin according to claim 6 which 
faces injecting the ion of high energy 50kV or less into a fluororesin front face with the 
acceleration voltage of 2kV or more, and reforming a front face, performs ion-implantation 
processing under the predetermined reduced pressure in which the plasma exists, and is 
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characterized by purging after processing by the gas of the same kind supplied at the time of an 
ion implantation. 

[Claim 1 1] Surface treatment equipment for realizing the surface treatment approach of claim 6 
characterized by constituting from the high-voltage ion source which generates an ion beam, a 
vacuum processing tub which stands in a row in it, a sample conveyance means which can 
supply a fluororesin sheet by continuation supply or batch processing in a vacuum processing 
tub, and an exhaust air means to exhaust a vacuum processing tub at least thru/or the 
fluororesin any one publication of ten. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fluororesin Plastic solid and the surface 
treatment approach of a fluororesin of having a surface treatment layer, and a processor, 
especially the front face of a fluororesin Plastic solid is reformed, and water-repellent ****** is 
related with the reforming fluororesin Plastic solid acquired by the art and this which raise an 
oil-repellent function, and its processor. 
[0002] 

[Description of the Prior Art] Although the fluororesin represented by polytetrafluoroethylene 
(PTFE) has properties, such as a water resisting property, chemical resistance, and the low 
adhesion of a foreign matter, recently, it is becoming a technical problem with important giving 
the function which improves surface water repellence so that water, a chemical, and 
contamination may not adhere to these matter from the start. 

[0003] Sufficient property was not acquired although the reforming approach using hot blast 
processing, flame treatment, corona discharge treatment, UV irradiation or a chromic acid, and 
metallic sodium as a reforming technique of resin was learned from the former. From a viewpoint 
of reforming of resin, there was also a proposal of reforming by the ion-implantation which is a 
dry process. For example, according to JP.6-1 7921 8,A, nickel ion is injected into a resin front 
face, the surface energy of the metal mold for resin seals is lowered, and the technique of 
making a false PTFE layer forming and raising mold releasability is indicated. 
[0004] The liquid passage used in the semi-conductor, relation from which a minute amount will 
also melt in liquid and trouble will produce it if an impurity exists, and the field where the test 
fluid used by medical relation contacts are made as much as possible into water repellence, and 
to make it a residual liquid drop not remain [ liquid ] in ******** j s desired. Or when liquid, such 
as an acid, alkali, etc., such as a chemical, was used, there was a danger of having a bad 
influence o&.the front face or perimeter with residual water. 
[0005] 

[Problem(s) to be Solved by the Invention] In the case of the above— mentioned example, like a 
fluororesin, surface energy is low and a water-repellent rich ingredient is usually comparatively 
used in resin. The contact angle over water is still 90 degrees - at most 110 degrees, and it was 
not able to be said that it was enough. Even if a principal chain is CF2 fundamentally or a PTFE 
layer forms the above-mentioned false PTFE layer, a contact angle is less than 130 degrees, and 
sufficient water-repellent improvement was not able to be desired. 

[0006] The place made into the purpose of this invention is to cancel the trouble of the above- 
mentioned conventional technique. Therefore, the 1st purpose It is what aims at things for 
raising a water-repellent function further, employing the property of a fluororesin efficiently. The 
fluororesin Plastic solid which has the improved surface treatment layer in which the contact 
angle over water exceeds 130 degrees easily the 2nd purpose The surface treatment approach 
of the fluororesin for obtaining such a surface treatment layer and the 3rd purpose are to offer 
the processor which can enforce such a surface treatment approach easily, respectively. 
[0007] 
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[Means for Solving the Problem] Further, at the time of the collision of high energy, the surface 
treatment approach of the fluororesin Plastic solid in connection with this invention generates 
cutting and association for a macromolecule, and forms the front face of low energy very much 
while it is made by injecting the ion of high energy into a sample front face and forms a detailed 
projection configuration by the physical collision at that time. 

[0008] In addition, the fluororesin which this invention makes a processing object Mainly, for 
example PTFE (polytetrafluoroethylene), PFA (tetrafluoroethylene perfluoroalkyl vinyl ether 
copolymer), FEP (tetrafluoroethylene hexafluoropropylene copolymer), It has -CF2- in a principal 
chain like ETFE (tetrafluoroethylene copolymer). It has -SiF2- in the fluorocarbon resin with 
which an end group consists of -CF3, or a principal chain. An end group - The fluoro silicone 
resin which consists of SiF3, the hydro fluorocarbon resin which permuted some fluorine atoms 
of these fluorocarbon resin and fluoro silicone resin by the hydrogen atom further, hydro fluoro 
silicone resin, etc. are mentioned. 

[0009] The technique of improving the wettability of water can consider two technique 
fundamentally. The 1 st is reducing the surface energy and introducing granularity moderate on 
the front face into the 2nd. 

[0010] First, surface energy is described [ 1st ]. The ** type Fig. which explains the wettability 
in a matter front face to drawing 1 1 is shown. A solid-state front face (s) considers the 
boundary section which is in contact with liquid (I) and a gas (v). The surface tension at this time 
has the relation shown in a degree type (1). 
[0011] 
[Equation 1] 

sigmasl + sigmalv-costheta = sigmasv — (1) 

There is ******. However, sigmasl is [ sigmasv between a liquid and a gas of sigmalv between a 
solid-state and a liquid ] the surface tension between a solid-state and a gas, and theta is the 
contact angle of a liquid. This formula is a basic type of the balance usually called Young's 
equation, theta shows the case of being larger than 90 degrees in drawing. A formula (1) is 
materialized also when theta is 90 degrees or less. If this formula is transformed, it will become 
like a formula (2). 
[0012] 
[Equation 2] 

costheta=(sigma sv-sigma sD/sigmalv — (2) 

since a denominator is more fixed than a formula (2) if the liquid was decided — a fractional 
molecule term — it is (sigma sv-sigma si) — it is important when making it negative and making 
it small improves water repellence. 

[0013] Generally, since surface tension [ as opposed to a liquid in solid one ] is far larger than a 
gas, it becomes important for a front face to make the sigmasv itself small. Fluorine system resin 
is one of comparatively small things of this surface energy, and it has become 18 dyne/cm in 
CF2 whichlS the radical duty child structure of PTFE, and is a small value compared with a glass 
metallurgy group etc. 

[0014] However, as matter with still smaller surface energy, there was three CF only with small 6 
dyne/cm, and if a part of front face of this fluororesin could form this end machine, I thought 
that water repellence improved greatly. 

[0015] Furthermore, there is effectiveness of granularity as the 2nd effectiveness about 
wettability. Generally, if the same surface energy also has irregularity in a front face, carrying out 
the contact angle [ itself ] change is reported, the contact angle theta on a smooth side, and 
contact angle theta' on the field which prepared granularity in the front face — a degree — 
there is relational expression (3) and it is usually called the formula of Wenzel. 
[0016] 

[Equation 3] costheta -gamma-costheta — (3) 

However, gamma is the ratio of the real surface area which calls it a roughness factor and 
specifically has granularity, and smooth surface area. It will further be hard coming to get wet, 
and when larger [ than 90 degrees ] and theta makes it coarse from this formula will show water 
repellence. Therefore, it also becomes an important technique to introduce granularity proper. 
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[0017] As mentioned above, it turns out that the surface treatment in consideration of the 1st 
effectiveness and the 2nd effectiveness is important. Then, the ion which has the momentum of 
specific high energy in fluororesins, such as PTFE which basic structure becomes from -CF2- 
CF2- was irradiated or poured in, and as a result of trying about the technique which 
decomposes association and is reconfigurated with the heat generated in that case, it found out 
that the split face which has a detailed projection for the ability of three -CF to be formed in 
surface [ a part of ] in a header and its front face for the first time could be formed. This 
technique showed that it could reform on the water-repellent, very high film. 
[0018] This invention is made based on the above knowledge. Namely, the 1st purpose of the 
above While center line average-of-roughness-height Ra which the content of the fluorine atom 
of a surface layer makes exist by ion-implantation processing more mostly than a inner layer, 
and displays field granularity has the concave convex which is 0.2-3 micrometers It is attained 
by said concave convex with the fluororesin Plastic solid characterized by having the detailed 
projection of the shape of 2.6x1013 two to 1.8x1010 [/m ] per unit area/Mt. Tsurugi of m2. 
[0019] And it is that three CF or three SiF(s) constitute preferably so that the 5 - 50% of the 
whole surface may exist more preferably 4% or more when a fluororesin is constituted from 
fluorocarbon resin or fluoro silicone resin. The more many, although improved, if it exceeds 50%, 
the more problems, such as that the quality of the material becomes weak and lacking stability 
with time, will produce water repellence. Therefore, it is desirable to consider as about 4 - 50% 
practical. In addition, on the resin front face when not carrying out ion-implantation processing, it 
is at most about 1%, and a detailed Mt. TsurugHike projection does not exist at all. 
[0020] The mean distance between a **** and a ****** detailed projection is 0.3-11.3 
micrometers, and the die length of the detailed Mt. Tsurugi projection of the above forms about 
0.3-1.5 micrometers of detailed projections of the shape of 2.6x1013 two to 1.8x1010 [/m ] per 
unit area/Mt. Tsurugi of m2. 

[0021] Control of the detailed projection which constitutes the abundance of three CF of a 
surface layer or three SiF(s) and surface irregularity can be set to some extent as arbitration by 
choosing ion-implantation processing conditions. These are explained in full detail by the term of 
the surface treatment approach of a fluororesin that the 2nd purpose of this invention can be 
attained. 

[0022] The 2nd purpose of this invention is attained by the surface treatment approach of the 

fluororesin characterized by injecting the ion of high energy 50kV or less into a fluororesin front 

fa ce with the acceleration voltage of 2kV or more, and reforming a front face. 

[0023] Ar, Ne r helium, F, or N of the ion to pour in is desirable, and the injection rate is made per 

[ 1x1013 ] unit area - into about two 1x1016 ions/cm. Control of an ion injection rate can be 

easily performed by controlling the ion current at the time of generating the plasma by the 

discharge in gases and ionizing, and the impregnation time amount to a sample. 

[0024] The 3rd purpose of this invention is attained by the surface treatment equipment 

characterized by constituting from the high-voltage ion source which generates an ion beam, a 

vacuum processing tub which stands in a row in it, a sample conveyance means which can 

supply a fluororesin sheet by continuation supply or batch processing in a vacuum processing 

tub, and an exhaust air means to exhaust a vacuum processing tub at least. 

[0025] As the high-voltage ion source, what is generally used with plasma treatment equipment 

is usable, and what is depended on a monotonous-in parallel mold and the microwave ion source, 

especially a electron cyclotron resonance is desirable. 

[0026] 

[Embodiment of the Invention] Hereafter, according to a drawing, it explains concretely. The ion 
implantation equipment which gives a water-repellent finish using PTFE (polytetrafluoroethylene) 
of the 1st example which is this invention object to drawing 10 To drawing 1 , the surface 
analysis result a reforming front and after reforming for the molecular structure mimetic diagram 
of the Plastic solid surface given a water-repellent finish to .drawing 2 and drawing 3 The mimetic 
diagram which measured the surface roughness measurement result a reforming front and after 
reforming to drawing 4 and drawing 5 , and measured the water contact angle on the front face 
of resin a reforming front and after reforming for the scanning electron microscope surface 
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photograph a reforming front and after reforming to drawing 6 and drawin g 7 is shown in drawing 
8 and drawin g 9 . Measurement results, such as a gestalt of an ingredient analysis result table 
side before and after reforming is carried out by the 1st example, are shown in Table 1. 
[0027] The measurement result of the water contact angle based on the difference between 
impregnation ion and a material ingredient for the measurement result of the water contact angle 
on the front face of PTFE which acceleration voltage and an injection rate were changed and 
reformed them as impregnation conditions as the 2nd example is shown in Table 2 again at 
drawing 12 and draw ing 13 . 

[0028] The <1st example> The sample used in the 1st example is polytetrafluoroethylene (PTFE), 
and the principal chain is -CF2-. The block diagram of an injector used in this example is 
explained using dr awin g 10 . an injector — the whole — a configuration — the ion source — 1 1 
processing — a room — six — a sample — receipts and payments — carrying out — a low 
vacuum — two — a ** — a chamber — eight — eight — ' — from — changing — a thing — it 
is . The microwave ion source was used as the ion source 11. 

[0029] The fluororesin film 1 used as a sample is carried in to a chamber 8 from the sample roll 
supply door 4 in the condition of having been wound around the roll 2, and vacuum suction of the 
chamber 8 is carried out from exhaust air system 18a connected to the non-illustrated exhaust 
air pump. The degree of vacuum of this chamber is the low vacuum of 10~2torr extent, from this 
chamber 8, spaces the vacuum seal section 5 to the impregnation processing room 6, and is 
supplied to it. this fluororesin film 1 — another vacuum seal 5' — minding — chamber 8' — it is 
contained with the inner rolling-up roll 10. chamber 8' — vacuum suction also of the inside is 
carried out to 10-2torr extent from exhaust air system 18b connected to the non-illustrated 
exhaust air pump. 

[0030] The impregnation processing room 6 has discharged air from the vacuum suction piping 
15 so that it may become the vacuum of degree of vacuum 10~5torr extent. If it becomes a 
predetermined vacuum, impregnation ion will be supplied as gas from the gas supply opening 14 
for impregnation ion. In the case of this example, it is made into an injection rate for the 
acceleratfon voltage of 30kV, and processing-time 60 seconds using argon gas, and it is 2x1014 
ions/cm2. 

[0031] That is, like illustration, by the ion source 11, microwave discharge generates the plasma 
11 of an argon, predetermined energy accelerates and the ion implantation of the argon ion in the 
plasma is carried out to the surface of the sample film 1 by acceleration voltage. 
[0032] Although the processing time is decided by the width of face of an ion beam 13, and 
passing speed of a sample, it will describe as time amount irradiated by one point of a film 1. 
After processing of all supply films is completed, low-vacuum chamber 8' is purged with nitrogen 
gas by introducing nitrogen gas from non-illustrated gas supply opening, and the rolling-up roll 10 
is rolled round and taken out from the roll ejection door 9. In addition, although purged with 
nitrogen gas from the economic reason here, improvement is found by the treatment effect, and 
those wholSsed impregnation ion and gas (here argon) of the same kind become easy [ the 
handling of gas ] and are desirable. 

[0033] In drawing 10 , in G1, the drawer electrode of ion and G2 show an accelerating electrode, 
and G3 shows the control electrode. Although acceleration voltage was impressed between G1 
and G2 and ion was accelerated in 2-50kV in this invention, it considered as the acceleration 
voltage of 30kV in this example. Moreover, although the degree of vacuum of the processing 
room 6 at the time of an ion implantation was made into the range of 10-4 - 10-6torr, it was set 
to 10-5torr in this example. 

[0034] Although the low —vacuum chamber 8 and 8' constitute the independent chamber divided 
by the septum, respectively, it is not necessary to make them not necessarily able to become 
independent, and they can also be used as one common chamber. The degree of vacuums under 
processing are 10-1 - 10-4torr extent, and were set to 10-2torr in this example. 
[0035] It verified by the following approaches what reforming of the surface state of the 
fluororesin film 1 processed in the above-mentioned procedure was carried out. First, the 
Measuring condition measured ingredient analysis using X-ray photoelectron spectroscopy XPS 
(X-ray Photoelectron Spectroscopy), having made the aluminum-Kalpha monochrome X line 
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source into the beam diameter of 1mm, and irradiating a neutralization flat gun. A measurement 
result is shown in the spectrum curvilinear Fig. of d rawing 2 and drawing 3 . The axis of abscissa 
shows the binding energy (BE value: eV) resulting from the molecular structure, and the axis of 
ordinate shows the detection counted value (cps: relative value) of the energy. 
[0036] It has roughly separated into two peaks, and d rawin g 2 is the spectrum curvilinear Fig. of 
an unsettled sample, and a right low energy side peak is [ a peak is carbon of CF2 resulting from 
{-(CF2-CF2) n-} of PTFE a left high energy side (287.9eV), and ] carbon of CHx resulting from 
the residue made at the time of the organic contaminant which adheres into atmospheric air, or 
production of PTFE. In this measurement, when the abundance ratio of the fluorine occupied on 
the whole surface was also measured, the result was 56.1%. The carbon abundance ratio of CF2 
structure where the theoretical value of this value originates in {-(CF2-CF2) n-} is 28.15%, and, 
on the other hand, the abundance ratio of a fluorine becomes 28.15x2=56.3%. The actual 
measurement was carrying out non-**** coincidence at this theoretical value. 
[0037] On the other hand, drawin g 3 shows the spectrum curvilinear Fig. of the sample which 
carried out ion-implantation processing, and has become one peak (broken-line display) which 
takes sides right and left, and the peak BE value (287.9eV) of Maine is carbon of CF2 resulting 
from HCF2-CF2) n-}. When the waveform separation of this peak were carried out and it was 
analyzed, it turned out that another peak A is in a high energy side (289.5eV of left-hand side) as 
displayed as the continuous line, and it became clear that this was CF3. In addition, the peak B 
of Maine (287.9eV) is CF2. 

[0038] Moreover, it is separable into three peaks C, D, and E so that it may drag on also to a low 
energy side. Anyway, from an unsettled front face, these peaks A, C, D, and E are peaks which 
are not detected, and are generated at the time of Ar ion implantation. The point which should 
be noted here is not detected after the carbon of CHx detected in respect of being unsettled 
processing. This shows the result by which reforming was carried out to the field where the 
pollutant in atmospheric air cannot adhere easily, either, when the front face was defecated by 
the ion implantation and the front face became water repellence. 

[0039] It was 5.79% when the carbon content of CF3 newly generated by the ion implantation 
was guessed from the value which carried out the curve fit. If the abundance ratio of the fluorine 
corresponding to this is calculated (21.01x2), it will become +(5.79x2) =59.39% from each 
structure expression. That is, about 60% of the fluorine which exists in a front face is the fluorine 
of CF3, and the remainder will call it the fluorine of CF2. 

[0040] As mentioned above, it became clear that the chain of PTFE went out and three small CF 
of surface energy generated by Ar ion-implantation processing to a PTFE side, and it found out 
that grant of the water-repellent function by this was made, this mimetic diagram is shown in 
drawing..! — as — some chains near the end or surface of -CF2- going out -CF2-CF3 or -CF 
2-C-(CF3) 3 — it is because an end group generates. 

[0041] Next the result of having photoed change of the surface type voice of the PTFE side by 
ion-implantation processing with the scanning electron microscope (SEM) is shown in drawing 4 
and drawing 5 . Since drawing .4 is what showed the condition used as the example of a 
comparison of being unsettled (before reforming) and an initial state is a front face [ having made 
into the shape of film that by which injection molding was carried out by machine grinding ], a flat 
and random impression is extent which exists sparsely, if the ion implantation of this is carried 
out, as shown in drawing 5 , a detailed projection will form in a front face — having — **** — 
and the field whole — and it turns out that reforming is carried out to homogeneity. It turns out 
that the projection spacing is about 1 micrometer. 

[0042] In order to clarify the geometry of the depth direction of this projection, the surface 
profile was measured in one-side 50-micrometer field with the atomic force microscope (AFM). 
The measurement result and analysis result of a non-poured in field and the field which carried 
out the ion implantation are shown in drawing 6 (before processing), and drawing 7 (after 
processing). The abundance ratio corresponding to the depth for the depth is shown on the axis 
of abscissa at percent at the axis of ordinate. That is, the depth was divided and displayed on 
the crest and trough side to the concavo-convex center line. 

[0043] In addition, the used atomic force microscope is nano by TOYO Corp. It is scopelll. The 
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description result of center line average-of-roughness-height Ra which measured the granularity 
profile, maximum side granularity Rmax, average spacing of a projecting point, and the 
configuration near a projection tip is shown in Table 1. By reforming of an ion implantation, from 
0.09 micrometers of the first stage (before processing), 0.23 micrometers, Ra became coarse and 
was large [ maximum side granularity Rmax / 2.02 micrometers ] from 0.92 micrometers (before 
processing). 

[0044] Thus, while the part of a trough is made by reforming, it turns out that the considerable 
then summit section sharp in time is formed in a crest. Like the photograph which showed 
especially the configuration at that time to drayying 5 , near the summit had become the shape of 
a detailed needle, the die length was 0.3 micrometers or more, and was locally set to 1.5 
micrometers by the long thing, and it was about 0.4 micrometers on the average. The average of 
spacing which this needlelike projection formed of an ion implantation adjoins was 1.1 
micrometers. The number of the detailed projections in this case was an average of 2x1012 
pieces/m2. Thus, the concave convex in which reforming was carried out by the ion implantation 
is presenting the shape of Mt. Tsurugi by detailed projection. 

[0045] The contact angle over the water on the front face of PTFE reformed with Ar ion as 
mentioned above was measured. A result is typically shown in drawing 8 (before processing), and 
^rawing 9 (after processing). As shown in drawing 8 , the contact angle over the water in a non- 
poured in front face is 103 degrees, and although hydrophobicity is shown, it cannot be said that 
it has sufficient water-repellent function. To it, as for the front face reformed by the ion 
implantation, the water contact angle became 1 70 degrees, and it became clear that remarkable 
water-repellent effectiveness appeared. 

[0046] The result which receives the above conditions which carried out this time ion 
implantation, the shape of the analysis result which constitutes the surface at that time, and 
surface type, and water is summarized in Table 1, and it has described in it 
[0047] 
[Table 1] 





* a a 








SA^t^Ar 
MSE :30kV 
SA^fal :60# 
3A1 :2X 10" ions/cm 2 




C(CF,) : 28. 2% 
C(CF a ): C % 
F(CF,)/F(CF,)=0 X 


C*CF 2 ): 21.0% 
C(CF a ): 5.8 % 
F(CF 3 )/F(CF,)=59.1 % 


m 
m 


as 

Ra 
Rmax 


0. 09p m 
0. 92pm 

St — ■ — 


0. 23/im 
2. 02pm 






0.4pm 
1.1pm 

K£CD®M:1.2Xio-'ym* 




103 * 


170 ' 



[0048] As mentioned above, according to the 1st example, it is effective in a water-repellent, 
very high function being realizable by performing surface treatment according a PTFE front face 
to argon impregnation. Furthermore, since CHx is not detected, the effectiveness of being hard 
to adhere not only to wettability but to various kinds of pollutants is shown in the front face 
which carried out impregnation processing. Although surface activity-ization which used Na as 
surface treatment of PTFE conventionally was used as still more nearly another effectiveness, if 
ion-implantation processing of this invention is used, since many detailed projections can be 
formed, processing is possible for the very short time amount of effectiveness [ of increasing 
real surface area by leaps and bounds ], or processing-time 60 seconds, and mass-production 
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nature can call it a high approach. 

[0049] Next, about the effect of the formation of a form status change produced at the time of 
an ion implantation, impregnation conditions were changed and were examined. The atomic 
number Nd by the side of the solid-state displaced when one ion generally collides with a solid- 
state is shown by the following formulas (4). [(G. 1 H.Kinchin et al:Rep.Prog.Phys.18 and 1955) 
0050] 

[Equation 4] Nd=0.42 E/Ed — (4) 

Ed corresponds to the displacement energy decided with a solid-state atom, and E is the 
acceleration voltage at the time of impregnation processing. That is, it is clear the amount's in 
which irregularity is formed to depend as continuous volume to acceleration voltage. If 
impregnation time amount is lengthened with a natural thing, since an injection rate is also 
proportional to it, it will be guessed that deformation is also proportional. 
[0051] Then, when changing acceleration voltage among ion notes entry conditions using the 
quality of the material of the above-mentioned PTFE, the result of having evaluated the water 
repellence at the time of changing the ion injection rate decided by the beam current and 
impregnation time amount by the water contact angle is shown in drawing 12 and drawing. 13 , 
respectively. 

[0052] As shown in drawjngJL? . it was made to change with 1, 2, and 30 or 50,1 OOkV as 
acceleration voltage focusing on impregnation conditions, and the injection rate was changed by 
the unit 10 times from 1012 ions/cm2 to 1017 ions/cm2 by adjustment of the processing time, 
and it processed. Consequently, although acceleration voltage shows the water repellence to 
which the effectiveness of impregnation is not visible to and a contact angle exceeds 1 30 
degrees from 2kV or more by 1kV or less, if 30kV is exceeded, a contact angle will begin to 
decrease conversely, this — impregnation ion — mv 2/2 (however, m mass of ion and v rate) — 
although it has kinetic energy, if it stops in a solid-state, the kinetic energy will be changed into 
potential energy, and will bring about a temperature rise as a result. Therefore, since melting 
would begin from a fluororesin front face if it becomes 320 degrees C or more which is the 
melting point of PTFE resin, the projection tip became blunt and turned out that irregularity 
decreased. Therefore, the field decided by melting will exist in drawing right-hand side. 
[0053] The same thing can be said also about the injection rate shown in drawing 1 .3 . Even if 
water-repellent effectiveness of the injection rate was small and there were at least, it turned 
out that a projection decreases by melting, and water-repellent effectiveness becomes small and 
it carries out. [ too many ] As acceleration voltage, the field 50kV or less was more desirable 
than these results at 2kV or more, and it became clear that it was the field where that an 
injection rate is the range per [ 1x1013 ] unit area - of 1x1016 ions/cm2 can exceed 130 
degrees of water contact angles. 

[0054] The <2nd example> As example another next, with the 1st example, impregnation 
conditions poured in Ar, Ne, helium, F, and N ion as ingredients other than PTFE 
(polytetraflBbroethylene) to PFA (tetrafluoroethylene perfluoroalkyl vinyl ether copolymer), FEP 
(tetrafluoroethylene hexafluoropropylene copolymer), and ETFE (tetrafluoroethylene copolymer), 
and carried out the trial which measures a water contact angle. A result is shown in Table 2. As 
for the rise of a contact angle, all were observed although the result of the more than which 
poured Ar into PTFE was not seen. It turned out that effectiveness is in Ar subsequently to the 
order of helium and Ne, and improvement in the water-repellent engine performance can be 
aimed at in order of ETFE and PFA as the quality of the material. 
[0055] 
[Table 2] 
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TJ TT \JC 


Ar 


Ne 


He 


F 


N 


PTFE 


170 


isa 


146 


1 39 


1 OJ 


PFA 


153 


1S6 


146 


149 


141 


FEP 


140 


132 


139 


142 


131 


ETFE 


160 


142 


148 


159 


132 



[0056] According to these examples, although various fluororesins were used also in the 

fluororesin on functions, such as thermal resistance, oilproof, workability, thermoplasticity, light 

transmission nature, chemical resistance, a dielectric, and **, it was checked that there is 

water-repellent effectiveness which exceeds 130 degrees of contact angles also to which 

[ these ] resin. Moreover, there are an impregnation element and effectiveness that low cost and 

mass-production nature also become possible since it can supply from the above-mentioned 

gas. 

[0057] Here, although the example of PTFE, PFA, FEP, and ETFE was shown as an example 
Although it is fluorocarbon resin with which each of these has -CF2- in a principal chain, and an 
end group consists of -CF3 It consists of silicon instead of carbon, and has -SiF2- in a principal 
chain, and an end group - Fluoro silicone resin which consists of SiF3, Also in fluororesins which 
furthermore permuted some fluorine atoms of these fluorocarbon resin and fluoro silicone resin 
by the hydrogen atom, such as hydro fluorocarbon resin and hydro fluoro silicone resin The front 
face which irradiates or pours in the ion of high energy 50kV or less with the acceleration 
voltage of 2kV or more and which forms detailed irregularity and, as a result, has a water- 
repellent, very high function by [ so-called ] carrying out ion-implantation processing can be 
formed. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The molecular structure mimetic diagram of the surface section in the fluororesin 
Plastic solid used as the example of this invention. 

[PliawingJ] The spectrum curvilinear Fig. which analyzed the fluororesin front face before ion- 
implantation processing by XPS. 

[Drawing 3] The spectrum curvilinear Fig. which analyzed the fluororesin front face after ion- 
implantation processing by XPS. 

[Drawing 4] The surface photograph which photoed the fluororesin front face before ion- 
implantation processing with the scanning electron microscope. 

[Drawing 5] The surface photograph which photoed the fluororesin front face after ion- 
implantation processing with the scanning electron microscope. 

[Drawing 6] The graph which measured the fluororesin front face before ion-implantation 
processing with the atomic force microscope, and analyzed distribution of the surface roughness. 

[P.rawjng 7] The graph which measured the fluororesin front face after ion-implantation 
processing with the atomic force microscope, and analyzed distribution of the surface roughness. 

[Drawing 8] The mimetic diagram showing the result of having trickled waterdrop into the 
fluororesin front face before ion-implantation processing, and having measured the contact 
angle. 

[Drawjng _ 9] The mimetic diagram showing the result of having trickled waterdrop into the 
fluororesin front face after ion-implantation processing, and having measured the contact angle. 
[.Drawing JO] The block diagram of the equipment which carries out ion-implantation processing 
to a fluororesin. 

[Drawing JJ] The mimetic diagram showing the relation of the contact angle of a liquid and 
surface energy which touch a solid-state front face. 

[Drawing ^?] The property Fig. having shown the relation between the impregnation acceleration 
voltage (IkV - 100kV) of an argon, and a water contact angle. 

[Drawing 13] The property Fig. having shown the relation between an ion injection rate and a 
water contact angle. 
[Description of Notations] 

1 — Fluororesin film, 

2 — Roll, 

3 — Low-vacuum chamber, 

4 — Sample roll supply door, 
5*5' — Vacuum seal section 

6 — Processing room, 

7 — Processing room door, 

8 8' — Low-vacuum chamber, 

9 — Rolling-up roll ejection door, 

10 — Rolling-up roll, 
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1 1 — Processing room, 

12 — Plasma, 

13 — Ion beam, 

14 — Gas supply opening for impregnation ion, 

15 — Vacuum suction piping, 

16 — High voltage power supply, 

17 — The direction of vacuum suction, 

18a, 18b — Exhaust air system of a low-vacuum chamber, 

G1 — Drawer electrode, 

G2 — Accelerating electrode, 

G3 — Control electrode. 



[Translation done.] 
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